The influence on ammonia emission to the atmosphere , of five types of slatted floor and of the degree of fouling of the solid floor was investigated in houses for fattening pigs . In the experiment there were two concrete slatted floors ( S 1 with slats 10 cm wide and 2 cm gaps ; S 2 with slats 7 cm wide and 1 . 8 cm gaps) ; a cast iron slatted floor ( S 3 with slats 2 . 5 cm wide and 1 . 5 cm gaps) and two floors whose metal slats were triangular in cross section ( S 4 with 1 cm wide slats and 1 cm gaps ; S 5 was the same as S4 , but partially covered over an area of 0 . 8 ϫ 0 . 7 m with studs 5 cm high and 3 . 2 cm diameter , spaced at 20 cm) . Three partially slatted compartments (all 25% slatted and 75% bare solid concrete) for 36 fattening pigs each were used . Air was drawn from outside through underground heat exchange tubes and entered the compartments via a ceiling of perforated plastic sheeting . The five types of slats were changed around between the three compartments (three in , two out) every three weeks during two growing periods of 15 weeks each , one during the winter and one during the summer . Ammonia concentrations in incoming and outgoing air and ventilation rate were measured continuously to calculate the ammonia emission to the atmosphere . The area of the solid floor wetted with urine was assessed visually . The excreting and lying locations of the pigs were determined from video recordings .
1 cm gaps ; S 5 was the same as S4 , but partially covered over an area of 0 . 8 ϫ 0 . 7 m with studs 5 cm high and 3 . 2 cm diameter , spaced at 20 cm) . Three partially slatted compartments (all 25% slatted and 75% bare solid concrete) for 36 fattening pigs each were used . Air was drawn from outside through underground heat exchange tubes and entered the compartments via a ceiling of perforated plastic sheeting . The five types of slats were changed around between the three compartments (three in , two out) every three weeks during two growing periods of 15 weeks each , one during the winter and one during the summer . Ammonia concentrations in incoming and outgoing air and ventilation rate were measured continuously to calculate the ammonia emission to the atmosphere . The area of the solid floor wetted with urine was assessed visually . The excreting and lying locations of the pigs were determined from video recordings . S5 showed the lowest occurrence of excretions on the solid floor . Also in S5 the lowest number of pigs were lying on the pen partition side (the side with naps) of the slatted floor . The ammonia emissions were calculated relative to S1 . These were 106% for S2 , 95% for S3 , 73% for S4 and 64% for S5 (SED 16%) . The solid floor was fouled more during the summer than during the winter ( P Ͻ 0 . 05) ; fouling increased towards the end of the growing period ( P Ͻ 0 . 001) . Opting for slatted floors from metal with more open space than concrete slatted floors , such as the floor with triangular section metal slats , significantly reduces ammonia emission from the slats .
Partially covering the slatted floor with studs prevents pigs from lying in this area so that they use this area for excretion , giving less fouling and ammonia emission from the solid floor . ÷ 1997 Silsoe Research Institute
. Introduction
Ammonia is an environmental pollutant , 1-3 generated in large amounts in areas of intensive animal production . According to Dutch regulations its release rates must be reduced below the present rates . Ammonia is a conversion product from the nitrogen components excreted via urine and faeces and urea in urine is its main source . 4 Ammonia is very soluble in water , therefore its release from urine and slurry depends mainly on the emitting surface area rather than on the volume of the ammonia solution . Many modern pig houses have concrete floors including fully or partially slatted surfaces with manure storage under the slats . In these houses the emitting surface area consists of the surface of the slurry in the underfloor storage channel and the parts of the solid and slatted floors wetted with urine . Further , ammonia may emit from urine wetted walls , pen partitions or animals . and air flow .
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The emitting surface area of the slurry pit can be reduced by decreasing the slatted floor and slurry pit area . and the other was a metal slatted floor that had been partially covered with studs to prevent pigs from lying in that area of the pen so that it could be reserved as a place for the pigs to excrete .
. Materials and methods

. 1 . Housing design
Three partially slatted compartments (25% slatted , 75% solid) , each with two pens for 18 fattening pigs , were used . The layout of a compartment is shown in Fig . 1 . Each pen had its own slurry channel of depth 1 m , with drain pipes and a central valve per compartment for the removal of slurry ( Fig . 2 ) . The concrete solid floor had a 2% fall towards the slurry channel . A gap in the floor running along the entire back wall of the pen facilitated better removal of the faeces ( Fig . 1 ) . The pen partitions on the solid floor were 1 . 0 m high and were solid below and fenced above ; on the slatted floor they were wholly fenced . No bedding was present . Only artificial light was available inside the compartments (from 06 . 00 h to 18 . 00 h) . Ventilation was achieved by using a fan to draw air from outside through two layers of underground heat exchange tubes 30 m long , at 2 . 1 and 2 . 6 m below floor level , to a ventilation chamber ( Fig . 2 ) Compound feed and drinking water were available ad libitum . Each pen had two one-place feed hoppers and water could be drunk from a bowl ( Fig . 1 ) 
. 3 . Floor types
The five types of slatted floors in these experiments had dif ferent percentages of open space as shown in 
. 4 . Experimental design
The five types of slatted floors were assigned to the two growing periods , the three compartments and the five three week periods within the growing periods as given in Table 1 . The first growing period (1) was during the summer and the second during the winter (2) . At the beginning of the experiment the slats were clean . After every three week period the tops of the slats were cleaned with a high pressure cleaner and the slurry channels were emptied and cleaned . The pigs were allowed to become familiar with the arrangement during the first eleven days of each three week period . Only data from the last nine days of every Slatted floor S4 (without studs) and S5 (with studs)
Fig . 3 . The fi e types of slatted floors used in this research ( dimensions are in mm )
period (''measuring period'') were used in the analyses .
The remaining day was used to exchange the slatted floors . describe this method . The device was calibrated once a week .
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The convertor in compartment 1 did not work properly during the first nine weeks of the second growing period , so values measured then were not used in the analyses . The ventilation rate was measured with a fan-wheel anemometer , 1 2 which was calibrated in a fan test rig . Ambient temperature was measured 10 m 
. 6 . Obser ations
The amount of fouling of the solid pen floor with urine was assessed visually five times per measuring period and a map of the fouled area was drawn on paper . The wetted area of topsurface of the slatted floor after urination was determined three times per pen per three week period . A rectangle was drawn around the wetted top surface and the wetted part within the rectangle (including the gaps in the slatted floor) was estimated . This area was corrected for the gaps .
In each compartment , the dunging and lying locations of the pigs were recorded with two video cameras , each in front of one pen , for 24 h during the measuring period . Infra red lights were used during the night . During the recording days the compartments were only entered once to check the animals' health (between 06 . 00 and 07 . 00 h) . The frequency of urination and defecation on the various locations in the pen was determined from the video tapes . The lying locations were determined every quarter of an hour from the tapes . The following locations were distinguished in the pen : wall side solid floor , pen partition side solid floor , wall side slatted floor and pen partition side slatted floor ( Fig . 1 ) .
. 7 . Data analysis
Ammonia emission was calculated from the ammonia concentrations of the outgoing and incoming air and from the ventilation rate . Mean values per day were used in the following model .
where , z t is the logarithm of ammonia emission (g / d per pig place) ; ␤ 0 is a constant ; ␤ 1 is a regression coef ficient ; P i is the ef fect of growing period ( i ϭ 1 , 2) ; C j is the ef fect of compartment ( j ϭ 1 to 3) ; S k is the ef fect of type of slatted floor ( k ϭ 1 to 5) ; M ijk is the random ef fect of measuring period ijk ; A ijk is the urinewetted area of solid floor in measuring period ijk (m 2 per pig place) ; e ijkt is the residual error in measuring period ijk on day t , with zero mean and variance 
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The standard errors of dif ferences (SED) were used in a t-test to separate the means .
. Results
On average the pigs grew 808 g / d (SD between animal groups 20) . The females grew on average 775 g / d (SD 36) and the males 840 g / d (SD 12) . Table 2 gives the overall means and the standard deviations between animal groups and within animal groups during the measuring periods of the ammonia emission , the urine-wetted area of solid floor , and the climate and slurry variables .
. 1 . Ef fect of type of slatted floor on the lying locations
On average the pigs lay down for 85% (SD 3%) of the time . Of the lying pigs , 41% (SD 5%) lay on the wall side of the solid floor , 40% (SD 5%) on the pen partition side of the solid floor , 10% (SD 4%) on the wall side of the slatted floor and 9% (SD 5%) on the pen partition side of the slatted floor . No ef fect of the type of slatted floor on the number of pigs (as % of total lying pigs) lying on the slats was found ( P Ͼ 0 . 05) . The number of pigs lying on the pen partition side of the slatted floor was lowest for the metal slatted floor with 17 . 8% of the lying females and 20 . 5% of the lying males lay on the slatted floor (SED 0 . 8% ; P Ͻ 0 . 01) .
. 2 . Ef fect of type of slatted floor on the excreting locations
The mean urine-wetted areas of the solid floor for the various slatted floors are given in Table 4 . Slatted floor S3 had a significantly larger wetted area of the solid floor than S5 ( P Ͻ 0 . 05) . The dif ferences between other slatted floors were not significant . The mean area of urine-wetted solid floor per pig place was 1 Means in the same column lacking a common superscript letter dif fer significantly ( P Ͻ 0 . 05) 2 Standard error of dif ference period (7% units higher for urination , P Ͻ 0 . 01 ; 5% units higher for defecation , P Ͻ 0 . 01) . The frequency of urinations on the solid floor , relative to total urinations , was 9% units higher for males than for females ( P Ͻ 0 . 01) ; no significant dif ference for defecations was found . The frequency of urinations and defecations on the solid floor was influenced by the compartment ( P Ͻ 0 . 05) and increased during the growing period ; regression coef ficients of 6 . 5% for urinations (SE 0 . 9% ; P Ͻ 0 . 001) and 4 . 2% for defecations (SE 0 . 6% ; P Ͻ 0 . 001) were estimated for the three week period . When the three week period was included in model 2 as a factor interacting with type of slatted floor , the lowest regression coef ficients were found for slatted floor S5 (3 . 6% for urination and 2 . 2% for defecation) , but these coef ficients did not dif fer significantly from the others ( P Ͼ 0 . 05) . On average 70% (SD 15%) of the total urinations and 87% (SD 11%) of the total defecations occurred on the pen partition side of the slatted floor . The metal slatted floor with studs (S5) had the highest percentage of urinations and defecations on the pen partition side of the slatted floor (the side with the studs , see Fig . 1 ) , whereas the cast iron slatted floor had the lowest percentage (Table 3) .
. . Ef fect of type of slatted floor on the wetted top surface of the slats after urination
The grand mean of the wetted top surface of the slats (excluding gaps) after one urination was 560 cm 2 .
The mean values for the slatted floors (in cm 2 ) were 916 for S1 , 653 for S2 , 542 for S3 , 324 for S4 and 366
for S5 (SED 115 ; P Ͻ 0 . 05) . The mean value was 514 cm 2 for males and 606 cm 2 for females (SED 44 ; P Ͻ 0 . 05) . A regression coef ficient of 96 (SE 26) was calculated for the three-week period . This means that the wetted top surface of the slats after one urination increased with 96 cm 2 every following three-week period . No ef fects of growing period and compartment were found ( P Ͼ 0 . 05) .
. 4 . Ef fect of type of slatted floor on ammonia emission
An overall mean ammonia emission during the measuring periods of 6 . 62 g / d per pig place was found . This was 7 . 62 g / d during the summer and 5 . 65 g / d during the winter fattening period . In order to distinguish between the ef fects of the type of slatted floor on the total ammonia emission and solely on the emission from the slats , the ef fects were calculated (1) without and (2) with a correction to a mean urinewetted area of solid floor . In situation (1) A ijk was excluded from the statistical model given in paragraph 2 . 7 . In situation (2) A ijk was included in that statistical model . The results are given in Table 5 . The type of slatted floor was found to have a statistically significant ef fect on the total ammonia emission (Table 5 , without correction) and on the estimated emission from the slats ( Table 5 , with correction) . The concrete slatted floors (S1 and S2) and the cast iron slatted floor (S3) showed approximately the same total emission , while the emission was lower when the metal slatted floors (S4 and S5) were used . Total ammonia emission was lowest for the metal slatted floor with studs (S5) . When using S5 , total emission was significantly reduced compared with S1 , S2 and S3
( P Ͻ 0 . 05) . Total emission from S4 was significantly lower than from S2 ( P Ͻ 0 . 05) . When corrected for dif ferences in the urine-wetted area of the solid floor , the metal slatted floors (S4 and S5) showed a reduction in ammonia emission from the slats of 27% with respect to the concrete slatted floor S1 . For the urine-wetted area of the solid floor (in m 2 per pig place) a statistically significant regression coef ficient on the logarithm of ammonia emission was found (2 . 4 , SE 0 . 6 ; P Ͻ 0 . 01) . This means that ammonia emission increased by 27% when the urine wetted area of the solid floor increased by 0 . 1 m 2 per pig place .
. Discussion
The ef fect of a slatted floor on ammonia emission can be divided into two components : the emission from the slats and the emission from the solid floor .
Ammonia emission increased with increasing top surface of the slats wetted with urine . This area seems to be mainly related to the width of the slats , more than Table 5 Ef fect of type of slatted floor on the ammonia emission from houses for fattening pigs , relative to the emission from slatted floor S1 1 6 The side areas of the slats were also partially wetted with urine and may have influenced ammonia emission . This area seems to be mainly related to the shape of the slats . The depth of the urine puddle on the slats may be a factor influencing ammonia emission as well . When the urine on the slats is not often refreshed , the ammonia in a thinner urine layer will sooner be depleted . The thickness of the urine-layer also depends on the shape of the slats and the material of the slats (porosity) . The material of the slats is also important with respect to the urease activity . On a smooth floor less activity is developed than on a rough floor . pigs prefer not to excrete in a busy area .
2 0 The open pen partition might also have stimulated the pigs to excrete in this area .
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Towards the end of the growing period more pigs lay on the slatted floor and excreted on the solid floor , because of the lack of space ; this was also found by Hacker et al . 2 4 and Aarnink et al . 8 Although the interaction between the ef fects of type of slatted floor and the three week period on the number of urinations and defecations on the solid floor were not statistically significant , slatted floor S5 had the lowest ef fect of the three week period . This indicates that the studs were especially ef fective towards the end of the growing period , when lack of space encourages the pigs to lie more on the slatted floor . The studs prevented the pigs from lying in that area of the slatted floor , thereby designating an area for excretion .
Males lay more on the slatted floor and excreted more on the solid floor than females of the same age .
The higher feed intake and the increasingly higher weight of the males gave them a higher heat production 2 5 and a lower critical temperature , 2 6 causing them to prefer the cold slatted floor at lower temperatures than the females . Also , because they grew faster , the males' pens became crowded sooner , forcing more pigs to lie on the slatted floor .
The low observed frequency of urinations in this research , compared with research of van Putten 2 7 and Aarnink et al . 8 may be explained by the low water intake and relatively high ambient temperature in the present study . The frequency of defecation agrees with that found by van Putten , 2 7 but was lower than that found in previous research by Aarnink et al . 8 This might be because diarrhoea occurred in that research .
The wetted top surface of the slats was larger for females than for males , probably as a result of dif ferences in the pigs' anatomy and dif ferences in the posture of the pigs when urinating .
,29
. Conclusions
(1) Use of a floor made of metal slats triangular in cross-section (1 cm wide slats with 1 cm wide gaps) in partially slatted pens for fattening pigs provides significantly lower ammonia emissions from the slats (27% reduction) than a concrete slatted floor (10 cm slats with 2 . 0 cm gaps) .
(2) Providing metal triangular section slats with studs reduces the number of pigs lying in that area and hence reduces the fouling of the solid floor with urine and faeces , resulting in a lower ammonia emission .
(3) Fouling of the solid floor is worse in the summer than in the winter . It increases towards the end of the growing period . Males foul the solid floor more than females . These dif ferences are caused by the fact that pigs lie more on the slatted floor in the summer than in the winter and pigs lie more on the slatted floor towards the end of the growing period . Also , males lie on the slatted floor more than females . 
